These microstrip resonators can be treated as waveguide cavities with magnetic walls on the sides. The fields within the cavities can be expanded by the TMzd modes, where z is perpendicular to the ground plane. Thus, the resonators may also be referred to as 2-D resonators since a resonance can occur in either of two orthogonal co-ordinates. The circuit surface area needed to accommodate ring, disk and square patch resonators may be estimated by S,, = (X&t)*, S,, = (1.84k&~)~ and S,,& = (kg,J2)2, respectively, where h, is the guided wavelength at resonant frequencyf, in the associated resonators [3, 41. It is felt that these sizes are still too large for the design of high performance multipole fdters, especially at lower microwave frequency bands, such as L, S or C bands, which are used by many satellite and mobile communications systems. Therefore, it is desirable to develop new types of dual-mode microstrip resonators not only for offering alternative designs but also for miniaturising filters.
In this Letter, we present for the first time the investigation of a new dual-mode microstrip square loop resonator for the design of compact microwave bandpass fdters. The characteristics of mode splitting are described. A novel dual-mode bandpass ffiter composed of a proposed dual-mode microstrip square loop resonator was designed and fabricated. The measured filter performance is also presented.
Dual-mode microstrip square loop resonator: The proposed dualmode microstrip square loop resonator is shown in Fig. 1 . A square loop consisting of four identical arms forms a basic resonator. A small triangle patch is attached to an inner comer of the loop for exciting and coupling a pair of degenerate modes (having the same propagation constant) to form a dual-mode resonator.
When d = 0, no perturbation is added and only a single mode is excited. The electric field pattern of the excited resonant mode was computed using a fullwave EM simulator [5] and is plotted in Fig.  2u arms and the two zeros located in the middle of the top and bottom arms can be distinguished. This mode corresponds to the TWIw mode in a square patch resonator. If the excitation port is changed to port 2, the field pattern is rotated by 90' for the associated degenerate mode, which corresponds to the TMzolo mode in a square patch resonator. When d # 0, no matter what the excitation port is, both the degenerate modes are excited and coupled to each other. The field pattern in this case is shown in Fig. 26 , where the two poles and the two zeros have each moved to one of the four corners. The degree of coupling modes depends on the size of d, which in return controls the mode splitting. It should be mentioned that, without the triangle patch (d = 0), neither splitting of the resonance frequency nor bandpass response is observed.
From an equivalent transmission line model for the proposed square loop resonator, it can be shown that the first resonance occurs when (a + b)/2 = XJ4. The surface area occupied by the square loop resonator may then be estimated by S,, = (hJ4Y if (a -b)/2 << a. This condition is easily satisfied at a lower frequency band. Thus, it can be seen that the square loop resonator requires the smallest circuit size compared to other 2-D resonators. The estimated size reduction has been confimed by our experiments. This size reduction, more than 25% against the ring and more than 50% against the disklsquare patch resonators, can be significant, especially for those circuits and systems where the size reduction is important. and demonstrate the application of the proposed dual-mode microstrip square loop resonator, a two-pole bandpass filter with 1.2% bandwidth at 1.52GHz was designed and fabricated on a RTlDuriod substrate having a thickness of 1.27mm and a relative dielectric constant of 10.8. Fig. 4 shows the layout of the filter and its frequency response as measured using an HP 8720A network analyser. The minimum insertion loss is -2.2dB. The loss is due mainly to the conductor loss, which could be reduced by for example using superconductors. The overall performance of the filter can be further improved by optimising the design.
Conclusions:
A new dual-mode microstrip square loop resonator structure has been reported. The characteristics of mode splitting have been described. A dual-mode bandpass fdter of this type with a 1.2% bandwidth at 1.52GHz has been designed and fabricated to demonstrate the application of the proposed resonator for designing miniaturised microwave filters. It is expected that the new dual-mode microstrip square loop resonator will be a very attractive structure for developing compact and high performance microwave bandpass filters with fully planar fabrication techniques. This is especially of benefit to monolithic microwave integrated circuits (MMICs) and growing microwave superconductive circuits. 
__ looperiods
Theory: In Fig. I , a multisectioned structure is shown. Each section is homogeneous in the z-direction and might be inhomogene-
